In this study, conformational analysis and quantum chemical calculations of ±1-(1H-Benzoimidazol-2-YL) Ethanol were carried out. The geometric structure, infrared intensities, UV-VIS spectrum, HOMO-LUMO energies, 1 H and 13 C nuclear magnetic resonance (NMR) chemical shifts were calculated by using the density functional method (DFT/B3LYP) with 6-311++G(d,p) basis set. The vibrational studies were interpreted in terms of potential energy distribution (PED). Finally, calculated values were compared with the experimental ones.
Introduction
Benzimidazole derivatives are important heteroaromatic compounds, which have attracted considerable attention because of their useful biological and pharmaceutical properties [1] [2] [3] , such as anticancer, antimicrobial, antifungal, antitumor, etc. activities [1, 4, 5] . There are many reports in the literature, dealing with benzimidazole derivatives [1, 2, [6] [7] [8] . However till now, a detailed analysis of vibrational frequencies, IR and Raman spectra of title compound has not been reported. In this study, experimental and theoretical investigation of the vibrational frequencies, 1 H and 13 C NMR chemical shifts and excitation energies of this molecule were studied. The results obtained from theoretical calculations and experiment were compared.
Experimental details
The ±1-(1H-Benzoimidazol-2-YL) Ethanol compound in solid form was purchased from Sigma-Aldrich chemical Company (U.S.A.), with a stated purity of greater than 98%. It was used as such, without further purification. The FT-IR spectrum was recorded using KBr pellets on a Perkin Elmer Spectrum BX FTIR spectrophotometer in the region 4000-400 cm −1 . The FT-Raman spectrum was obtained on a DXR-Raman Microscope in the region 3500-12 cm −1 . The 1 H and 13 C NMR were taken in DMSO solutions on a Bruker Ultrashield 400 Plus NMR spectrometer. Proton and carbon signals were referenced to TMS. UV-visible analyses were carried out with a Perkin Elmer Lambda 20 spectrofotometer. All spectra were measured at room temperature.
Computational details
Gaussian 09 [9] software package was used for the theoretical calculations. The quantum chemical calculations were performed by applying the DFT method, with * corresponding author; e-mail: haliloturak@sdu.edu.tr the B3LYP functional and the 6-311G++(d,p) basis set. Since B3LYP vibrational wavenumbers are known to be higher than the experimental wavenumbers, due to neglect of anhormonicity effects, they were scaled down by a uniform scaling factor of 0.983, for wavenumbers up to 1700 cm −1 and 0.958 for wavenumbers greater than 1700 cm −1 [10] . The scaled wavenumbers in general show good agreement with experimental ones.
The geometry optimizations were followed by frequency calculations using the same basis set. Also, the same basis set and functional were used for the 1 H and 13 C NMR shielding constants calculations, by applying the GIAO method. UV-Vis spectra and electronic properties such as HOMO and LUMO energies were determined by time-dependent DFT (TD-DFT). The results were visualized using Gauss View program [11] . Total energy distribution (TED) corresponding to the observed frequencies was calculated using VEDA 4 program [12] .
Results and discussion

Conformer analysis
The structure of the molecule, with numbering scheme for the atoms and torsion angles, is presented in Fig. 1 . We performed (PES) analysis on the rotations regarding N12-C1-C14-O16 and C1-C14-O16-H20 torsion angles, scaning from −180
• to 180 • in steps of 5
• . PES scan studies have been carried out by DFT calculations with 6-311++G(d,p) basis set (Fig. 2) . The most stable conformer is obtained with the energy −533.8574 (-14527.005 eV), and with the torsion angles of 151.85
• and −75
• , respectively.
Vibrational frequencies
Experimental and theoretical FT-IR and FT-Raman spectra of title compound were recorded. Very good correlation was observed between experimental and calculated IR and Raman spectra (Figs. 3, 4 ). Characteristic bands of aromatic compounds can be found in five regions of IR spectrum. These are 3100-3000 cm −1 (CH stretching), 2000-1700 cm −1 (overtones and combinations), (B-417) 1650-1430 cm −1 (C=C stretching), 1275-1000 cm −1 (inplane CH deformation) and 900-690 cm −1 (out of plane CH deformation) [13] . The title molecule stretching vibrational bands were observed at 3055, 3166, 3132, 3103 and 3055 cm −1 for IR spectrum and 3060 cm −1 for Raman spectrum.
The observed symmetric and asymmetric stretching bands for CH 3 group in the interval of 2898-3100 cm −1 were calculated to be in the interval of 2934-3015 cm −1 . Rani et al. [14] identified the C-N stretching bands in the region of 1328-1266 cm −1 . In our title molecule C-N stretching band is observed at 1272 cm −1 for IR spectrum, and at 1260 cm −1 for Raman spectrum. Generally the C-C ring stretching gives rise to several peaks in the region 1600 to 1400 cm −1 [15] . The C-C stretching band of title molecule is found in the IR spectrum between 1664 and 1485 cm −1 , and at 1599 and 1443 cm −1 in the Raman spectrum. Stretching, bending, torsion vibrational modes of title compound, and combination of these, are summarized in Table I .
NMR Analysis
NMR spectroscopy continues to be the most valuable tool for structure elucidation in solutions. By far, the most common nuclei studied in the NMR of organic and bio-organic molecules are the 1 H and 13 C. 
νNC (10)+δHCC (46) The wide array of available techniques yield a wealth of information, not only in the form of just chemical shifts and coupling constants of the involved nuclei, but also as through-bond and through-space connectivity between them [16] . Therefore a full geometry optimization of title molecule was performed by using B3LYP/6-311++G(d,p). Then, gauge-including atomic orbital (GIAO) 1 H and 13 C chemical shift calculations of the compound have been made by the same method.
The experimental and calculated values for 13 C and 1 H NMR are shown in Table II . Considering that the range of 13 C NMR chemical shift for analogous organic molecules is usually greater then 100 ppm [14, 17] , this ensures reliable interpretation of spectroscopic parameters. Also in this study, 13 C NMR chemical shifts in the ring for the title molecule are greater than 100 ppm. Because the nitrogen atoms are more electronegative, the chemical shift of carbon atoms (C1, C2, C7), next to nitrogen, falls in the region of higher ppm values, than those of other carbon atoms. As is shown in Table II 
UV-VIS Analysis
The TD-DFT/B3LYP/6-311++G(d,p) calculations have been used to determine the low-lying excited states of title molecule. The calculated results, involving the vertical excitation energies, oscillator strength (f ) and wavelengths, are compared with measured experimental wavelengths in Table III . Calculation of molecular orbital geometry shows that the visible maximum absorption of this molecule corresponds to the electron transitation between frontier orbitals such as HOMO and LUMO. The HOMO energy characterizes the ability of giving an electron, LUMO characterizes the ability of electron accepting. The calculation predicts three sharp peaks at 254, 250 and 236 nm, which is in good agreement with the measured experimental data (λ exp. = 266 and 194 nm). 
Conclusions
The FT-IR and FT-Raman spectra have been recorded and the detailed vibrational assignment is presented for the title molecule. The harmonic vibrational wavenumbers, NMR shifts, IR and Raman spectra of title compound are determined and analyzed by DFT/B3LYP/6-311++G(d,p) method. The predicted NMR shifts are also in good agreement with experimental results. Some discrepancy between theoretically predicted and experimental proton and carbon chemical shifts was observed. This was explained by the fact that the non-specific solute-solvent interactions were neglected in the calculations. UV analysis of title compound has been carried out using TD-DFT/B3LYP/6-311++G(d,p) basis set. All theoretical results were compared with the experiment and found to be in good agreement.
